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NATIONAL ADVISORY C O M M I T W  FOR AERONAUTICS 

IiESEARCH MEMORANDUM 

ALTITUDE PERFORMANCE AND OPEMTIONAL CHARACTERISTICS OF 

AN XT38-A-2 TURBOPROP ENGINE 

By R.  H. Essig and F. W. Schulze 

SUMMARY 

The over-all engine performance and the s ta r t ing  and windmilling 
character is t ics  of  an XT38-A-2 turboprop engine have been !investigated 
in  the NACA Lewis a l t i tude  wind tunnel. The simulated f l i g h t  condi- 
t ions ranged from a l t i tudes  of 5000 t o  45,000 f ee t  a t  a f l i gh t  Mach 
number of 0.30 and from Mach numbers of 0 .301to  0.557 at an a l t i t u d e  
of 35,000 f ee t .  
nozzle, was operated with independent control of fue l  flow and pro- 
pel ler  pitch; operation was thereby allowed over a wide range of engine 
conditions. Windmilling character is t ics  were obtained at  a l t i tudes  
of 15,000 and 35,000 f ee t .  

The engine, equipped with a standard-area exhaust 

Analysis of the performance maps obtained a t  each f l i g h t  condition 
revealed tha t  both a l t i t ude  and f l i g h t  Mach number had a major effect  
on corrected engine variables. The large reductions i n  corrected shaf t  
horsepower occurring when the a l t i t ude  was increased were the resu l t .o f  
decreases i n  compressor and turbine efficiencies.  Windmilling engine 
s t a r t s  w e r e  made a t  a l t i tudes  a s  high a s  35,000 f e e t  a t  an engine speed 
of 2000 rpm. 

INTRODUCTION 

An investigation of the performance of an XT38-A-2 turboprop 
engine over a range of simulated a l t i t ude  conditions has been conducted 
i n  the NACA Lewis a l t i tude  wind tunnel. 
component performance, and s ta r t ing  and windmilling characterist ics,  as 
w e l l  a s  the dynamics of the engine, were studied. 
a re  the over-all engine performance and the s ta r t ing  and windmilling 
character is t ics .  

Steady-state engine performance, 

Reported herein 

The simulated f l i g h t  conditions ranged from a l t i t udes  of 5000 t o  
45,000 f e e t  a t  an average f l i g h t  Mach number of 0.30 and from Mach 
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numbers of 0.301 t o  0.557 a t  an a l t i t ude  of 35,000 f e e t .  
exhaust nozzle having an area of 244 square inches was used. 
control of propeller and fue l  f l o w  permitted operation a t  various engine 
speeds over a wide range of turbine-inlet  temperature. 
character is t ics  a t  various airspeeds and blade angles were obtained at  
a l t i t u d e s  of 15,000 and 35,000 f e e t .  

A standard 
Independent 

Engine windmilling 

Data a re  presented in  the form of performance maps a t  each f l i g h t  
condition t o  show the e f fec ts  of a l t i tude  and f l i g h t  Mach number on 
various engine-performance variables. 
ra t ion  with operating time on performance is a lso  discussed. 

The e f fec t  of engine deterio- 

A l l  symbols used i n  t h i s  report  are  defined in  appendix A. 

APPARATUS 

Description of Engine 
I 

The main components of  the  engine include a 19-stage axial-flow 
compressor, eight cylindrical  combustion chambers, a four-stage turbine, 
an exhaust cone, and a planetary reduction-gear assembly with a 12.5:l 
gear r a t io .  
blade propeller, 13 f ee t  in  diameter. The maximum diameter of the f l i g h t  

The engine was f i t t e d  f o r  t h i s  investigation with a three- 

engine mount i s  37- 1 inches; the length from the foremost end of the 
2 

propeller shaft  t o  the exhaust-nozzle out le t  i s  157 inches. The net dry 
weight of the engine including power section, gearbox, control, torque- 
meter, and f l i g h t  frame, but without propeller, is approximately 1660 
pounds. The exhaust-nozzle-outlet area i s  244 square inches. 

The operating l i m i t s  of the engine a s  established by the manufac- 
t u re r  are:  

I 

Operating 
condition 

Military 
100 percent normal powei 
80 percent normal powei 
60 percent normal powei 

L 

Engine 
speed , 
rPm 

14,300 
14,300 

14,300 
14 j 300 

Turbine-inlet 
temper a t  ure , 

OR 

2060 
1960 
1840 
1720 

Time l i m i t ,  

None 
None 
None 

I 

A t  mil i tary operating conditions, the nominal s t a t i c  sea-level 
ra t ing  is  2520 shaf t  horsepower and a j e t  thrust of 603 pounds. The 
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engine air flow is approximately 30 pounds per second. 
design point of the engine is at an altitude of 15,000 feet and a flight 
Mach number of 0.347. 

The aerodynamic 

Installation and Instrumentation 

The altitude wind tunnel is a closed-circuit, return-type tunnel 
circular in cross section with a test section 20 feet in diameter and 40 
feet long. As shown in figure 1, the engine was mounted on a thin wing 
section spanning the test section. 
tunnel test section are provided by a variable-pitch 18-blade fan driven 
by an 18,000-horsepower electric motor. The installation was stream- 
lined by providing a cowling about the entire engine, a wooden lip at 
the inlet-air duct, and a conical fairing for the propeller hub region. 

Desired air velocities through the 

A view of the engine showing the location of the components and 
the'measuring stations is shown in figure 2. Schematic diagrams of 
the instrumentation at six of the stations are given in figure 3. The 
six parallel control thermocouples at the turbine-inlet area were 
installed to produce a single indication of turbine-inlet temperature. 
The air flow was determined from measurements at station 1 and was 
checked at stations 1 and 2. Air leakages occurring in various sections 
of the engine were measured when possible or were assumed to be a 
percentage of the inlet-air flow. These leakages are described in 
appendix B. 
every station except the compressor outlet and turbine inlet, where 
mercury-filled manometers were used. Iron-constantan thermocouples 
were used in the measurement of engine-inlet and compressor-outlet 
air temperatures; chromel-alumel thermocouples were used in the meas- 
urement of turbine-inlet and exhaust-nozzle gas temperatures. All 
temperatures were automatically recorded with self-balancing 
potentiometers. 

Water-filled manometers were used to measure pressures at 

A stroboscopic tachomcker, in conjunction with a continuously 
indicating tachometer, measured engine speed. Torque was measured by 
a magnetic pickup-type torquemeter, which sensed the torsional deflec- 
tion of the shaft between the power section and the reduction gearbox. 
This torsional deflection was measured electronically and indicated on 
a milliammeter. To determine contamination of tunnel air induced by 
the engine exhaust, an oxygen analyzer, employing the standard thermal- 
conductivity method to determine the oxygen content of gas, was used to 
sample the air at the entrance of the inlet duct. 
propeller shaft and a slide-wire arrangement on one of the three blades 
indicated propeller-blade angle on a milliammeter. 

A slip ring on the 
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Engine time, 
hr 

20-25 
33-40 
40-47 
47-59 
60-82 

83 

91-96 
96-105 

NACA RM E53L18a 

Data obtained a t :  

Altitude, Flight Mach 
f t  number 

25,000 0.291 
35,000 .301 
35,000 .438 

5,000 .300 
Turb ine -as semb 1 y c hang€ 

35,000 .557 

45,000 0.294 
15,000 .303 

Independent control of propeller pi tch and fuel flow was used t o  
obtain data over a range of power (turbine-inlet temperature) a t  each 
of several engine speeds ranging from about 92 t o  104 percent of rated 
speed. 
the tunnel test-section velocity w a s  set t o  give the desired ram-pressure 
r a t i o  based on compressor-inlet t o t a l  pressure and free-stream s ta t ic  
pressure. The methods used t o  compute the engine-performance variables 
are included in appendix B. 

To eliminate inlet-duct losses from the  engine performance, 

The in i t ia l  20 hours of engine operation a t  a l t i t ude  were used t o  
determine the  vibration characterist ics of the  propeller. Data from 
th is  period of the investigation w i l l  not be presented. 
performance data were obtained during the next 85 hours of engine time. 
To aid in  explaining any inconsistencies in  data due t o  deterioration, 
which has been found t o  be an important factor  i n  some twboprop engines 
(ref. l), and data irregularities due t o  changes in components during 
the program, the order of performance tests is given in  the  following 
table  : 

Regular engine- 

The turbine labyrinth seal w a s  found damaged a t  about 83 hours engine 
time; performance obtained after t h a t  time was with a new turbine 
section. 
a given engine condition w a s  run approximately every 10 hours t o  check 
engine and component deterioration. 

A t  an a l t i tude  of 25,000 f e e t  and a flight Mach number of  0.30, 

Engine w i n d m i l l i n g  characterist ics were obtained for a range of 
propeller-blade angle a t  the  f o l  

15,000 
35,000 

.owing a l t i tudes  and airspeeds : 
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During the investigation, engine-inlet temperaturea were maintained 
as near t o  NACA standard a l t i t ude  conditions as f a c i l i t y  limits allowed. 
In general, engine-inlet temperature ranged from 800 t o  -30' F f o r  
steady-state running. By precooling the tunnel, engine s t a r t i ng  char- 
ac t e r i s t i c s  were obtained a t  temperatures as low as -500 F. 

Fuel used during the investigation was clear gasoline having a 
lower heating value of 18,925 Btu per pound and a hydrogen-carbon r a t i o  
of 0.182. Several types of lubricating o i l  were used during the inves- 
t iga t ion  t o  lubricate both the gearbox and power section. 
used a re  designated PRL 3313, PRL 3161, and EEL 3A, a l l  of which were 
approved by the  engine manufacturer. 

The types 

RESULTS AXD DISCUSSION 

Performance Characteristics 

In le t -a i r  flow. - A t  the s t a r t  of the investigation, a study was 
made of the flow conditions of the a i r  entering the compressor i n l e t .  
The pressures indicated by the f o u r  rakes a t  s ta t ion  2 showed the flow 
through the duct and around the shaft  t o  be f a i r l y  uniform rad ia l ly  
and circumferentially. Total pressures a t  the bottom rake were about 
1 percent lower than the average in l e t  pressure. 
oxygen analyzer showed tha t  the  oxygen content of the engine-inlet a i r  
never reached a value below 19.5 percent as compared with standard 
conditions of 20.9 percent. 

Data indicated by the 

Generalized performance. - A l l  the engine-performance data in  
both corrected and uncorrected form are  presented in  tab le  I. Data 
typical  of those obtained a t  a l l  the various f l i g h t  conditions are  
presented in figures 4 and 5 f o r  an a l t i tude  of 15,000 f e e t  and a 
f l i g h t  Mach number of 0.303. Variation of corrected turbine-inlet  
temperature, corrected jet  thrus t ,  and specif ic  fuel consumption with 
corrected shaft  horsepower a t  seven engine speeds is shown i n  figure 4. 

In varying engine speed a t  a constant corrected turbine-inlet  
temperature ( f ig .  4), a maximum shaft  horsepower is  reached. 
military-rated corrected turbine-inlet  temperature of 2060' R, an 
increase in  corrected engine speed from 13,690 t o  15,270 rpm varied the  
corrected shaft  horsepower from 2460 horsepower a t  13,690 rpm t o  a maxi- 
mum of 2570 horsepower a t  14,600 rpm. For the same conditions, cor- 
rected j e t  thrust  increased from 555 t o  660 pounds and specif ic  fuel 
consumption increased from 0.65 t o  0.68 pound of fue l  per shaft  horse- 
power per hour. The effect  of corrected engine speed on corrected a i r  
f l o w  is  shown in figure 5. There d i d  not appear t o  be any ef fec t  of 
turbine-inlet  temperature level  on corrected air  flow. The a i r  flow 
a t  the rated corrected engine speed of 14,300 rpm was 29.35 pounds 
per second. 

A t  the  
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Cross plot t ing of the engine-performance parameters of f igure 4 
f o r  each f l i g h t  condition provided the engine-performance maps presented 
i n  figure 6 f o r  the seven f l i g h t  conditions investigated. 
maps, corrected shaft  horsepower is  plotted against corrected engine 
speed fo r  constant values of corrected turbine-inlet  temperature, 
corrected j e t  th rus t ,  and specific fue l  consumption. 
the performance a t  any engine operating condition can be determined 
f o r  each f l i g h t  condition investigated. 

In these 

From these maps 

In general, the maximum corrected horsepower a t  a fixed corrected 
turbine-inlet  temperature occurred a t  corrected engine speeds between 
13,200 and 14,800 rpm, depending on f l i g h t  condition and level of 
turbine-inlet  temperature. A s  corrected engine speed increased, there 
was, however, a continuous increase in both corrected j e t  thrust  and 
specific fuel consumption f o r  any given corrected turbine-inlet  
temperature. 

A s  can be seen from these maps, a t  a f l i g h t  Mach number of 0.30, 
performance a t  an a l t i tude  of  15,000 f ee t  i s  generally be t te r  than a t  
5,000 f ee t  and performance a t  45,000 f ee t  i s  be t te r  than a t  35,000 
f ee t  a l t i tude .  These comparisons are  inconsistent with the performance 
trends fo r  the other f l i g h t  conditions, which show the conventional 
performance deterioration a s  a l t i t ude  was increased. 
discrepancy can be explained by the manner in  which the engine per- 
formance was affected by the aforementioned turbine change which 
immediately preceded the runs a t  a l t i tudes  of 15,000 and 45,000 f e e t .  
Performance obtained p r i o r  t o  and following the turbine change is  
shown i n  figures 7 and 8. Engine-performance data, obtained a t  a 
given operating condition a t  an a l t i tude  of 25,000 f ee t  and a f l i g h t  
Mach number near 0.30 in  order t o  check engine deterioration, are  
presented in figure 7 i n  terms of standard engine-performance parameters. 
The performance decreased s l igh t ly  during the f i r s t  20 hours of 
operation and then remained essent ia l ly  constant until the turbine 
section was replaced. After the replacement, engine performance improved 
a t  t h i s  par t icular  f l i g h t  condition. 
ference, data from a br ief  investigation of engine performance a t  an 
a l t i t ude  of 15,000 f ee t  before the turbine change are  compared in  
figure 8(a)  with values from a complete performance map taken a f t e r  
the change. 
a re  compared with some limited data a f t e r  the change f o r  an a l t i t ude  
of 25,000 f ee t .  Performance a t  a given turbine temperature level a t  
both a l t i tudes  was be t t e r  a f t e r  the change by approximately 200 t o  300 
corrected horsepower. 
sequent r e su l t s  and discussion w i l l  involve only the performance data 
obtained between 20 and 82 hours engine time. 
herein consequently indicate only the approximate level of performance 
of t h i s  engine model, but the trends are  considered typical .  

The apparent 

To fur ther  i l l u s t r a t e  t h i s  d i f -  

In figure 8(b) ,  values from a map taken before the change 

With t h i s  marked change considered, the sub- 

The data presented 
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Effect of a l t i tude .  - Specific e f fec ts  of a l t i t ude  on engine 
performance a t  a flipht. Mach number of 0.30 are presented in figure 9. 
Performance i n  terms of corrected shaft horsepower, corrected j e t  thrust ,  
and specifiu fue l  consumption is shown at  three temperature levels and 
several engine speeds. 
power and specif ic  f u e l  consumption, but a minor e f fec t  on jet  thrust. 
A t  a corrected turbine-inlet  temperature of 2200° R and an engine speed 
of 15,500 rpm, corrected shaft horsepower decreased from 2840 horse- 
power a t  an a l t i t ude  of 5000 f e e t  t o  2020 horsepower a t  an a l t i t u d e  
of 35,000 fee t ;  corrected j e t  thrust increased from 660 t o  700 pounds, 
and specif ic  f u e l  consumption increased from 0.655 t o  0.935 pound of 
fuel per shaft horsepower per hour f o r  the same a l t i t ude  variation. 
This change in shaft  horsepower, which amounts t o  28.8 percent, 
primarily a r e su l t  of the reductions i n  compressor and turbine e f f i -  
ciencies with a l t i t ude  (shown i n  f i g .  10). Performance of the compres- 
sor and turbine a re  presented f o r  corrected engine speeds between 
14,500 and 16,000 rpm a t  a corrected turbine-inlet  temperature of 
22000 R. A t  a corrected engine speed of 15,500 rpm, an increase in 
a l t i t ude  from 5,000 t o  35,000 fee t  resulted i n  a decrease in compressor 
efficiency from 74.6 t o  71.5 percent and a decrease i n  turbine effi-  
ciency from 81.7 t o  77.0 percent. 
the work s p l i t  between the compressor and the propeller shaft  i s  such 
that about 2/3 of turbine work i s  absorbed by the compressor, a small 
drop i n  compressor efficiency can impose a large loss i n  shaft  output. 
If, in addition, the turbine exhibits a drop in efficiency, the l o s s  
in  shaft power i s  fur ther  increased. The individual contribution of 
each component t o  the performance l o s s  with a l t i t ude  is  shown i n  figure 
11. 
40 horsepower in t h i s  range of a l t i tude ,  it can be seen tha t  a t  high 
a l t i tudes  it represents a greater p a r t  of the  shaft horsepower than a t  
sea level.  If the previously quoted reductions i n  compressor and 
turbine eff ic iencies  had n o t  occurred as  the a l t i tude  was increased, 
the corrected horsepower would be a s  shown i n  figure l l (a ) ,  while 
specif ic  f u e l  consumption would be a s  shown i n  figure l l ( b )  . A l l  the 
variation of performance with a l t i t ude  has thus been accounted fo r  by 
the compressor, turbine, and gearbox losses. These e f f ec t s  appear t o  
be typical  f o r  turboprop engines and s t r e s s  the f a c t  t ha t  reducing 
o r  eliminating a l t i t ude  e f fec ts  on engine components is  much more 
important f o r  turboprop engines than f o r  turbojet  engines. 

Altitude had a major ef fec t  on shaft  horse- 

Because a t  t h i s  operating condition 

Although the actual  gearbox l o s s  varies from approximately 20 t o  

Effect of flight Mach number. - Some specif ic  e f f ec t s  of f l i gh t  
Mach number on performance a t  an a l t i tude  of 35,000 f ee t  are  presented - 
i n  figures 1 2  and 13. 
0.349 and 0.513 a t  t h i s  a l t i t ude  augmented the f u l l  performance maps 
presented in figure 6(d) t o  ( f ) .  The performance a t  a corrected engine 
speed of 15,500 rpm over a range of corrected turbine-inlet  temperature 
is shown in figure 12;  the variation of performance with several corrected 
engine speeds at  a corrected turbine-inlet  temperature of 2300° R is 

Brief investigations a t  f l i gh t  Mach numbers of 



8 NACA €?I4 E53L18a 

shown in figure 13. As the f l i g h t  Mach number was increased a t  e i ther  
constant corrected engine speed or  turbine-inlet  temperature, corrected 
shaft horsepower and jet  thrust increased while specif ic  f u e l  consump- 
t ion  decreased. Specifically, as the f l i g h t  Mach number was increased 
from 0.30 t o  0.56 a t  a corrected engine speed of 15,500 rpm and a 
corrected turbine-inlet  temperature of 2400' R, the corrected shaf t  
horsepower increased from 2740 t o  3130 horsepower, the corrected Jet 
t h r u s t  increased from 810 t o  965 pounds, and the specif ic  fue l  consump- 
t ion  decreased from 0.810 t o  0.695 pound of fue l  per shaft  horsepower 
per hour.  

Operational Characteristics 

Windmilling. - The variation of engine windmilling speed with 
propeller-blade angle is shown i n  figure 14(a) f o r  an a l t i t u d e  of 
15,000 feet and t rue  airspeeds of 66, 110, and 155 knots and in  figure 
14(b) f o r  an a l t i t ude  of 35,000 f e e t  and t rue  airspeeds of 115, 165, 
and 215 knots. 
angle of approximately 24O, and there appeared t o  be l i t t l e  e f fec t  of 
a l t i t u d e  on the maximum windmilling speed f o r  any given true airspeed. 
A t  t ha t  blade angle, an engine windmilling speed i n  excess of rated 
speed could be encountered a t  airspeeds above about 218 knots a t  any 
a l t i tude .  The variation of corrected a i r  flow with corrected engine 
speed f o r  the engine i n  windmilling condition is  shown i n  figure 15. 
A t  the rated corrected engine speed of 14,300 rpm, the corrected a i r  
flow w a s  28.9 pounde per second; while a t  half t ha t  corrected speed, 
the a i r  flow was only 8 pounds per second. 

Maximum windmilling speed was obtained with a blade 

Starting. - Examination of the s t a r t i ng  character is t ics  of the 
engine reveals two d i s t inc t  regions of operation depending on the f u e l  
system employed, as shown i n  figure 16. A t  engine windmilling speeds 
between 2600 and 3600 rpm, starts with the standard f u e l  control were 
made u;! t o  an a l t i t u d e  of 21,000 f ee t ,  but no starts were obtainable 
a t  higher a l t i tudes  ( f ig .  16(a)). The engine f u e l  was a t  room tempera- 
ture, while the engine-inlet temperature was a s  low a s  -20' F f o r  
these s t a r t s .  Another fue l  control, which allowed much lower s ta r t ing  
fuel f l o w s  than the standard control, w a s  ins tal led f o r  the dynamics 
investigation; use of t h i s  f u e l  control resulted i n  engine starts a t  
an a l t i t ude  as high a s  35,000 f e e t  and with windmilling speeds a s  low 
as 2000 rpm. The engine-inlet temperature was -50' F. 

O i l  foamin&. - Engine operation a t  a l t i tudes  above 30,000 f ee t  
with PRL 3313 and PRL 3161 o i l s  i n  the gearbox and power section resulted 
i n  foaming and subsequent loss  of o i l  by vent spewing due t o  reduced 
scavenge-pump capacity. In one instance the gearbox became loaded with 
o i l  and overheated beyond specification limits necessitating replace- 
ment of the gearbox. The problem of foaming w a s  al leviated by use of 
EEL 3A lubricating o i l  along with pressurization of the gear case above 
an a l t i t ude  of 30,000 f ee t  a t  a gage pressure of about 5 pounds per 
square inch. 
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The performance of an XT38-A-2 turboprop engine was investigated 
a t  simulated f l i g h t  conditions ranging from a l t i tudes  of 5,000 t o  
45,000 f ee t  a t  a f l i g h t  Mach number of 0.30 and from Mach numbers of 
0.301 t o  0.557 at an a l t i t ude  of 35,000 feet. 

The investigation indicated tha t  the large reductions i n  corrected 
shaft  horsepower, which occurred when a l t i t u d e  was increased, a re  due 
principally t o  decreases i n  compressor and turbine eff ic iencies .  An 
increase i n  a l t i t ude  from 5,000 t o  35,000 feet a t  constant corrected 
turbine-inlet  temperature and engine speed resulted i n  reductions of 
approximately 3 and 5 percent in  compressor and turbine eff ic iencies ,  re -  
spectively, and a net l o s s  of 28.8 percent i n  corrected shaft horsepower. 
A t  a given f l i g h t  condition and a fixed corrected turbine-inlet  tempera- 
ture ,  operating the engine a t  a corrected engine speed between 13,200 and 
14,800 rpm gave the maximum corrected shaft  horsepower. 
in engine performance was noted during the first 20 hours of operation, 
but fur ther  operating time had no significant e f fec t  on performance. 
A change of turbine assembly had a marked effect  on performance. 

deterioration 

Maximum windmilling speeds were obtained a t  a propeller-blade angle 
of approximately 24' a t  a l l  airspeeds investigated. 
of 15,000 and 35,000 f e e t  indicate tha t  windmilling speeds in  excess 
of rated speed would occur a t  a t rue  airspeed above 218 knots. 
f ica t ion  of the  fue l  system t o  provide f u e l  flows during s ta r t ing  tha t  
were lower than those obtainable with the standard f u e l  system resulted 
i n  a significant increase i n  the range of a l t i t ude  and windmilling speed 
a t  which ignition could be obtained. 

Data a t  a l t i t udes  

Modi- 

Lewis Flight Propulsion Laboratory 
National Advisory Committee f o r  Aeronautics 

Cleveland, Ohio, December 28, 1953 
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S ~ O I S  

The following symbols are used in this report: 

A 

F 

Q 

3 

€3hP 

hP 

h 

J 

M 

N 

I? 

P 

Q 

R 

sfc 

ShP 

m P  

T 

v 

'a 

'a,ctl 

'a ,B 

W 
a,m 

cross-sectional area, sq ft 

jet thrust, lb 

acceleration due to gravity, 32.2 ft/sec2 

reduction gear loss, horsepower 

horsepower 

enthalpy, B t u/lb 1 

mechanical equivalent of heat, 778 ft-lb/Btu 

Mach number 

engine speed, rpm 

total pressure, lb/sq ft abs 

static pressure, lb/sq ft abs 

torque measured by torquemeter, ft-lb 

gas constant, 53.4 ft-lb/(lb) (%I 

specific fuel consumption, lb fuelfhrlshp 

shaft horsepower 

torquemeter horsepower 

total temperature, OR 

velocity, ft/sec 

air f l o w ,  lb/sec 

air-flow leakage from compressor and turbine bearing labryinth, 
lb/sec 

Ib/sec 
air-flow leakage from burner-dome rings and cross-over tubes, 

turbine rear-bearing cooling-air flow, lb/sec 
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wf fue l  f l a w ,  lb/hr 

gas flow, lb/sec 
wg 
Y r a t i o  of specif ic  heats 

6 r a t i o  of compressor-inlet t o t a l  pressure t o  s t a t i c  pressure 
of NACA standard atmosphere a t  sea level 

7 efficiency 

9 r a t i o  of compressor-inlet absolute t o t a l  temperature t o  
s t a t i c  temperature of NACA standard atmosphere a t  sea leve l  

Subscripts : 

C 

j 

t 

0 

1 

2 

3 

4 

5 

6 

the 

compressor 

j e t  

turbine 

tunnel test-section airstream 

cowl i n l e t  

compre s s or i n l e t  

c ompre s sor out l e t  o r  combus t ion- chamber in l e t  

turbine in l e t  o r  combustion-chamber out le t  

turbine out l e t  

exhaust nozzle 

The data are generalized t o  NACA standard sea-level conditions by 
following parameters: 

F ./s 
J 

h p / S G  corrected horsepower 

corrected j e t  thrust ,  l b  

N/@ corrected engine speed, rpm 

T4/9 corrected turbine-inlet  temperature, ?R 

Wa-&?/6 corrected a i r  f low,  lb/sec 

W f J 6 4  corrected fuel flow, lb /h r  
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METHODS O F  C A L m T I O N  

NACA RM E53L18a 

Shaft horsepower. - The torque, a s  measured by the  torquemeter, 
together with the  measured engine speed was used t o  determine the torque- 
meter horsepower as follows: 

2aNQ TMhp = 
33 , 000 

The shaf t  horsepower w a s  determined from the  torquemeter horsepower by 
subtracting the gearbox losses 

where ghp was obtained from calibration curves supplied by $he 
engine manufacturer. 

A i r  f l o w .  - A i r  flow w a s  determined from pressure and temperature 
measurements i n  the engine-inlet-air duct ( s ta t ion  1) by use of  the 
equation 

A i r  leakages occurring i n  various sections of the power section were 
measured when possible or were assumed t o  be a percentage of i n l e t - a i r  
flow. 
front-bearing labyrinth Wa, ctl was measured and found t o  be approxi- 
mately 1 percent of Wa,l. 
over tubes W 
gas flow tbrough the turbine would be determined 8 s  

Leakage from the  compressor rear-bearing labyrinth and the turbine 

Leakage from the burner-dome rings and cross- 
was assumed t o  be 1/4 of 1 percent of Wa,]. The 

a,B 

Cooling of the r ea r  turbine bearing is augmented by a i r  coming from ambi- 
ent conditions through the bearing supports t o  the bearing and discharging 
into the gas stream. 

cent of Wa,l. 
This inflow Wa,RB was  found t o  be 1/2 of 1 per- 

Thus, the exhaust-nozzle gas f l o w  is  obtained by 
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+ 0.005w 
'g ,6 = 'g,4 a, 1 

Temperatures. - Stagnation temperatures obtained from thermocouples 
were assumed equal to the indicated values except at the exhaust nozzle, 
where a recovery factor of 0.85 was applied. The turbine-inlet tempera- 
ture was calculated by assuming the turbine power to be equal to the sum 
of the compressor absorbed power and the torquemeter horsepower. Thus, 

Then, use of enthalpy charts determined the turbine-inlet temper- 
ature (see ref. 2). 

Jet thrust. - Jet thrust was determined from 
I 

J F v 5 

1. Meyer, Carl L., and Johnson, Lavern A . :  Performance and Operational 
Characteristics of a Python Turbine-Propeller Engine at Simulated 
Altitude Conditions. NACA RM E51114, 1952. 

2. Turner, L. Richard, and Bogart, Donald: Constant-Pressure Combustion 
Charts Including Effects of Diluent Addition. NACA Rep. 937, 1949. 
(Supersedes NACA TN's 1086 and 1655.) 
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0 Total-pressure probe 
0 Stat ic-pressure probe 
@ Thermocouple 

(a )  S t a t ion  1, duct i n l e t .  

( c )  S t a t ion  3, compressor 
o u t l e t .  

(b)  S ta t ion  2,  compressor 
i n l e t .  

1 

In t eg ra t ing  t o t a l -  
pressure probes 

(d)  S ta t ion  4 ,  t u rb ine  
i n l e t .  

( e )  S t a t ion  5, tu rb ine  
o u t l e t .  

( f )  S ta t ion  6, exhaust 
nozzle. 

Figure 3. - Schematic diagrams of instrumentation s t a t i o n s  viewed from upstream. 
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30 
Cor rec t ed  s h a f t  horsepower,  shp&- 

(a) c o r r e c t e q  t u r b i n e - i n l e t  t empera tu re .  

F i g u r e  4 .  - E f f e c t  of c o r r e c t e d  shaft horsepower on eng ine  performance a t  
v a r i o u s  eng ine  speeds .  A l t i t u d e ,  15,000 feet; f l i g h t  Mach number, 0.303. 
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400 
(b) Corrected j e t  t h r u s t .  

1.8 

1.6 
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1.2 
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.8 

.6 
0 400 800 1200 1600 2 000 2400 2800 

Correc ted  s h a f t  horsepower, s h p / s z f i  

( e )  Spec i f i c  f i e1  consumption. 

F igure  4. - Concluded. E f fec t  of co r rec t ed  s h a f t  horsepower on engine pe r -  
formance at  va r ious  engine speeds.  
number, 0.303. 

A l t i t u d e ,  15,000 feet;  f l i g h t  Mach 
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(c) Altitude, 25,000 feet; flight Mach number, 0.291. 

Figure 6. - Continued. Engine-performance map. 
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( d )  A l t i t u d e ,  35,000 feet;  f l i g h t  Mach number, 0.301. 

F i g u r e  6. - Cont inued .  Engine-per formance  map. 
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\ \  

\ 
\5s0 \ 
\ 400 

14,400 14,800 15,200 15,600 16,000 16,400 
Corrected engine speed, N/-, q s n  

( e )  Al t i tude ,  35,000 f e e t ;  f l i g h t  Mach number, 0.438. 

Figure 6.  - Continued. Engine-performance map. 
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Turbine- i n l e t  t empera ture  
---Jet t h r u s t  

3600 

\, \ 
\ 
\ 

3200 

- -- Specific f u e l  consumption 1 

2 800 

\ I  I 

+) % 1600 
2 
a 
0 
+) 
V aJ 
k 

V PI 1200 

800 

400 

0 

( f )  A l t i t u d e ,  35,000 feet; f l i g h t  Mach number, 0.557. 

F i g u r e  6.  - Continued. Engine-performance map. 
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Figure 6. - Concluded. Engine-performance map. 
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NACA EM E53L18a 

(a) A l t i t u d e ,  15,000 feet .  

Cor rec t ed  t u r b i n e - i n l e t  t empera tu re ,  T4/62, ?R 

(b )  A l t i t u d e ,  25,000 feet .  

F i g u r e  8. - E f f e c t  of t u r b i n e  change on eng ine  performance.  Cor- 
r e c t e d  eng ine  speed ,  15,610 rpm. 
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(a) Corrected shaft horsepower. 

Figure 9. - Effect of altitude on engine performance. Flight Mach 
number, 0.30. 
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(b) Corrected j e t  t h r u s t .  

(c) S p e c i f i c  f u e l  consumption. 

F igure  9. - Concluded. 
Mach number, 0.30. 

E f f e c t  of a l t i t u d e  on engine performance. F l i g h t  
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Figure 10. - E f f e c t  of a l t i t u d e  on compressor and t u r b i n e  e f f i c i ency .  F l i g h t  
Mach number, 0.30; co r rec t ed  t u r b i n e - i n l e t  temperature,  2200' R.  
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(a) Corrected horsepower. 

0 5 10 15 20 25 30 35x10 
Altitude,  f t  

(b) Specific f u e l  consumption. 

Figure 11. - Effect  of component performance on engine performance; 
corrected engine speed, 15,500 rpm, corrected turbine-inlet  t e m -  
perature,  2200° R; f l i g h t  Mach number, 0.30. 
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f 

(b) Corrected j e t  t h r u s t .  

0 k 

.. 
Flight Mach number 

(c) Specific fuel consumption. 

Figure 12. - Effect of f l igh t  Mach number on 
engine performance. Altitude 35,000 feet ;  
corrected engine speed, N/&, 15,500 rpm. 
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(a) Corrected shaf t  horsepower. 
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(b) Corrected j e t  t h r u s t .  
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(c)  Specific fue l  consumption. 

performance. Altltude, 35,000 feet ;  corrected 
turbine-inlet  temperature, T4/B2, 2300° R. 

Figure 13. - Effect of f l i g h t  Mach number on engine 
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(b) Alti tude,  35,000 feet .  

Figure 14. - Effect of blade angle on windmilling speed a t  various t r u e  airspeeds. 
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F i g u r e  15. - V a r i a t i o n  of c o r r e c t e d  air f l a w  w i t h  c o r r e c t e d  eng ine  speed for e n g i n e  
i n  windmi l l i ng  c o n d i t i o n .  
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( a )  Operat ion w i t h  s t a n d a r d  fue l  c o n t r o l .  

3 

Sea 1 

Engine windmil l ing speed,  rpm 

(b) Operat ion w i t h  second f u e l  c o n t r o l .  

F i g u r e  16. - E f f e c t  of a l t i t u d e ,  windmi l l ing  engine speed, and f u e l  sys- 
t e m  on engine  s t a r t s .  

NACA-Langley - 


